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TEST  OE  OTTO  GAS  PRODUCER 


PRELIMINARY  REMARKS. 

The  five  tests  included  in  this  report  were  conducted  in  the 
Mechanical  Engineering  Laboratory  of  the  University  of  Illinois. 
The  data  was  taken  and  computations  made  in  accordance  with  forms 
approved  for  calculations  of  such  tests. 

The  object  in  running  these  tests  was  to  determine  the  effect 
of  various  loads  upon  the  operation  of  the  producer  and  its  ef- 
ficiency with  Hg  constant. 

TYPES  OP  PRODUCERS :- 

There  are  in  general  two  types  of  producers  in  use,  the 
suction  producer  and  the  pressure  producer.  The  principle  dif- 
ference in  these  two  types  is  the  method  of  draft  production.  In 
the  suction  type  the  air  is  caused  to  pass  thru  the  fuel  owing 
to  the  fact  that  the  entire  system  in  under  pressure  less  than  at- 
mospheric . The  suction  is  caused  by  the  engine,  which  on  its  in- 
ward stroke  creates  a partial  vacuum  in  the  producer,  causing  gas 
to  rush  in,  thus  creating  a current  of  air  thru  the  fuel  bed. 

Erom  this  it  may  be  seen  that  since  gas  is  generated  only  when 
air  passes  over  the  fuel,  and  since  this  takes  place  only  on  the 
suction  stroke  of  the  engine,  the  amount  of  gas  generated  is  con- 
trolled directly  by  the  load  which  the  engine  carries.  In  this 
way  automatic  regulation  is  obtained. 

In  the  pressure  producer  the  conditions  explained  above  do 
not  hold.  The  air  in  this  type  is  either  forced  through  the 
fuel  bed  by  a mechanical  or  steam  blower,  or  it  may  be  drawn 
through  by  a fan  blower  placed  between  the  engine  and 
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producer.  In  the  first  case  the  entire  system  is  under  pressure 
greater  than  atmospheric  and  the  gas  may  be  stored  in  a receiver . 

One  objection  which  arises  in  connection  with  the  use  of  this 
pressure  system  is,  that  unless  the  system  is  absolutely  air 
tight,  gas  will  be  forced  out  into  the  fire-room,  causing  a 
dangerous  atmosphere  for  the  attendent  to  work  in. 

In  order  to  secure  the  most  efficient  operation  of  the 
engine  the  gas  must  be  supplied  to  it  cold,  clean  and  uniform  in 
quality.  This  is  in  a measure  accomplished  by  installing  a wet 
scrubber  between  the  engine  and  producer.  This  scrubber  is  filled 
with  coke  over  which  a spra3^  of  water  is  allowed  to  play.  The 
gas  in  passing  thru  this  apparatus  is  freed  from  particles  of 
coal  dust,  soot  and  part  of  the  tar. 

In  all  gas  producers  there  is  a certain  amount  of  sensible 
heat  which  must  be  utilised.  In  order  to  accomplish  this  a va- 
porizer for  evaporating  the  water  fed  to  the  producer  is  intro- 
duced. This  vaporizer  contains  a quantity  of  water  which  is 
slowly  evaporated  and  carried  into  the  producer  in  the  amount 
corresponding  to  the  saturation  point  of  the  air. 

Since  any  considerable  resistance  to  the  draft  in  the 
producer  and  scrubber  is  detrimental  to  the  engine  efficiency, 
no  elaborate  scrubber  system  can  be  used  in  connection  with  the 
suction  producer.  Bituminous  coal  and  other  poorer  fuels  contain 
large  amounts  of  tar  and  refuse,  the  removal  of  which  requires 
rather  complicated  cleaning  apparatus,  for  this  reason  the  suction 
gas  producer  is  limited  to  the  use  of  anthracite  coal  and  such 
other  fuels  as  contain  little  volatile  matter.  Another  objection 
to  the  use  of  poor  grade  fuels  is  that  they  contain  a considerable 
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araount  of  fusible  ash,  which  forms  clinkers,  thus  interfering 
with  the  efficient  operations  of  the  producer. 
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THEORY  OP  GAS  PRODUCER. 

In  general  s simple  gas  producer  consists  of  a metal 
retort  in  the  'bottom  of  which  is  a deep  bed  of  incandescent  fuel, 
thru  which  air  is  caused  to  pass  either  by  suction  or  pressure. 

The  first  action  taking  place  as  the  air  comes  in  con- 
tact with  the  fuel  is  the  ample  combustion  of  Carbon  with  Oxygen 
as  shown  in  the  following  reaction: 

c + o2  = C02  - - - - - - - (1) 

With  this  reaction  14540  B.T..U..S  are  liberated  for 

every  pound  of  carbon  burned.  The  effect  of  the  heat  thus 
liberated  is  to  raise  to  incandescence  the  layer  of  fuel  above. 

The  CO2  formed  by  reaction  (l)  in  passing  thru  this  incandescent 
layer  is  dissociated  as  follows:- 

C02+  C - 2C0  - - - » (2) 

Both  temperature  and  time  of  contact  of  the  gases  pass- 
ing over  the  carbon  effect  this  reaction  materially.  At  a tem- 
. o 

perature  of  1650  E it  is  probable  the  combination  occurs  to  a 
much  greater  degree  than  dissociation  owing  to  the  low  velocities 
prevailing  in  the  producer.  In  this  discussion  the  reaction 
may  be  considered  as  taking  place  in  one  direction  only. 

Making  a heat  balance  for  equation  (2)  it  is  found  that 
the  reaction  requires  5740  B.T.U.  for  every  pound  of  carbon 
entering  into  the  reaction.  This  quantity  of  heat  is  supplied 
by  reaction  (1).  The  final  effect  of  these  two  reactions  is 
shown  in  the  formation  of  4.66  lb.  of  CO  or  the  partial  combus- 
tion of  2 lb.  of  carbon,  thus  liberating  8800  B.T.U. 

Whether  the  above  reactions  take  place  or  whether  the 
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carbon  burns  directly  to  CO  due  to  insmficient  air  supply,  the 
actual  effect  accords  with  the  following  reaction: - 

2 C 1 0^  = 2 CO  - - - - - - (3) 

From  the  above  , it  can  readily  be  seen  that  the  heat  value  of 
the  CO  formed  represents  about  7 0/&  of  that  of  the  carbon.  That 
part  of  the  remaining,  (30^)  , which  does  not  pass  off  in  radia- 
tion and  conduction  goes  into  raising  the  temperature  of  the 
producer  and  thus  ultimately  increasing  it  beyond  reasonable 
limits . 

In  order  to  utilize  this  heat  which  would  otherwise  be 
lost,  water  is  introduced  and  decomposed.  In  the  decomposition 
Oxygen  is  liberated  and  this  unites  with  carbon,  while  the  Nitrogen 
enters  directly  into  the  composition  of  the  gas.  Two  reactions 
may  result  under  these  conditions  as  follows:- 

Ho0  + C ^ H0+  CO  - - - - - (4) 

2HO0+C  ZT  2H2+  C02  - - - - - (5) 

In  this  case  again  as  in  the  former,  reaction  (4) 

o 

predominates  above  the  temperature  of  1650  F.  The  equilibrium 
is  here,  such  that  the  resulting  composition  is  largely  and 

CO. 

The  theoretical  amounts  obtained  when  (4)  and  (5)  take 
place  in  connection  with  (3)  may  be  obtained  as  follows:- 
C + (1.33)  0 =(2*3) CO  - (6) 

The  heat  balance  of  equation  (6)  is:- 

c + (1.333)  0 = 2.333  CO 

14^40  - 10140  + (4400)  - - (7) 

From  this  we  see  that  (4400)  B.t.u.  are  liberated  by  the  reaction 
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Making  a heat  balance  for  (4)  when  burning  1 lb.  of  carbon,  we 
have ; 

Ho0  + C = H + CO 
2 2 

1‘5H20  + C?f  H+  2 | CO  - - - - (8) 

14540  = 10333  + 10140  - (5933) 

We  see  from  (8)  that  the  heat  supplied  by  one  lb.  of 
carbon  is  not  sufficient  to  complete  the  reaction  and  that 
( 5933)  B.t.u.  is  required  in  addition.  Since  the  heat  furnished 
for  the  completion  of  this  reaction,  as  given  by  (6)  is  4400, 
we  can  calculate  the  weights  of  the  quantities  as  follows. 

These  quantities  will  only  be  equal  to  ) of  those  given  in 

equation  (8).  or:» 

1.112  H20  + .731C  = .1234  H4-  1.728  CO  (9) 

Combining  equations  (6)  and  (9)  we  get:- 

1.112  HoO+1.731  C 4-  1.333  0 = . 1234  H+ 4.061  CO  --  (10) 

Reducing  to  unit  w:  of  carbon 

.643  Ho0  + C + .771  0 = .0713  H 4-  2.33  CO  - - (11) 

Calculating  the  heat  equivalent  of  both  sides  of  equation  (11) 

it  is  found  to  be  about  14540  B.t.u.  Knowing  the  specific 

0 

weight  of  0 at  62  F.  and  30"  Hg.  = .08418, of  H = .0053  and 
of  CO  = .07262  and  that  air  = .79  and  (.21)0  the  following  results 
may  be  obtained  from  equation  (11), 

Composition  of  Gas 


CO-  - - 

32.1  cu.  ft. 

= 40.1$ 

h2 

13.44  " » 

= 16.8$ 

*Z-  - - 

34.42  " " 

= m-i 

Total 

79.96 

100.0 
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B.t.u.  per.  lb.  of  carbon  = 14540 

B.t.u.  per  cu.  ft.  of  gas-  = l8l  B.t.u. 

7996 

Volume  of  gas  per  lb.  of  carbon  — 79*96  cu.  ft. 

Weight  of  steam  per  lb.  of  carbon  n .643  lbs. 

Air  required  per  lb.  of  carbon  = 43.65  cu.  ft. 

Wt . of  air  required  per  lb.  of  carbon  = 3*321  lbs. 

In  the  discussion  of  equation  (5)  the  same  method  of 
calculation  may  be  followed  as  above  with  the  exception  that 
since  the  temperature  in  the  producer  is  not  great  enought  to 
cause  reaction  (2),  reaction  (l)  will  be  used  in  obtaining  the 
results. 

3 H 0 + C = .333  H + 3.67  CO  (12) 

2 2 

14540  = 20666  - (6120) 

From  this  we  see  that  (6120)  B.t.u.  are  required  to 
complete  the  reaction  in  addition  to  the  heat  already  supplied. 
In  order  to  obtain  this  an  extra  (^40')  lbs.  of  carbon  must  be 
burned.  Since,  when  one  lb.  of  carbon  is  burned  14540  B.t.u. 
are  liberated,  we  can  obtain  from  the  combustion  of  an  extra  lb. 
of  carbon  times  the  quantities  formed  in  equation  (12) 

or : - 


7.125  Ho0  + 2.375  C = .793  H + 8.63  C02  - - - (13) 

Combining  equations  (l)  and  ( 1 3 ) ; 

7.125  H90  + 3.375  C + 2.670  = .793  H+  12.29  CO^ 

Reducing  to  unit  wt . of  carbon: 

2.11  Ho0  + C + .792  0 = .2347  H + 3.642  C0o 

The  heat  equivalent  of  both  sides  of  this  equation  is  practically 
14540  B.t.u. 


. 


. 


• . 


. 
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Knowing  the  specific  weight  of  oxygen  and  hydrogen  from 

the  previous  discussion,  and  that  the  specific  weight  of  CO2  at 
o 

62  P and  30  in  of  Hg  = .ll6l  the  following  results  can  he 
obtained: 

Composition  of  Gas. 


31.35  cu.  ft.=  28.3# 

44.53  " " = 39.9^ 
35-52  - " = 31.8# 


111.00  100.00 


B.t.u.  per  lb.  of  carbon  — 14540 

B/t.u.  per  cu.  ft.  of  gas  = — 131 

Volume  of  gas  per  lb.  of  carbon  = 111  cu.  ft.  ^ 

Weight  of  steam,  per  lb.  of  carbon  = 2.11  lbs. 

Air  required  per  lb  of  carbon -43.8  cu.  ft. 

Wt . of  air  required  per  lb.  of  carbon  — 3.63  lbs. 

Prom  the  results  obtained  when  reaction  (4)  takes  place 
it  may  be  seen  that  the  B.t.u.  per  lb.  of  carbon  is  somewhat 
greater  than  in  the  case  of  equation  (5).  We  also  notice  that 
in  equation  (5)  more  water  is  supplied,  thus  in  a way  account- 
ing for  the  low  temperature  which  compels  the  production  of  a 
large  amount  of  CO^  If  therefore  the  water  supply  be  decreased 
and  the  temperature  be  allowed  to  rise  to  1650°  P or  over  the 
reaction  (4)  will  take  place  and  from  comparison  of  results 
obtained  by  above  calculations  it  would  seem  that  this  reaction 
is  the  better  one  of  the  two.  The  reason  for  this  is  that 
from  the  theoretical  analysis  the  gas  appears  to  be  of  a better 
and  richer  fixture  in  equation  (4).  It  also  has  a considerably 
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larger  heat  content  per  cubic  foot.  It  would  no  doubt  also 
be  better  suited  for  gas  engine  operation. 


70  -Suet /on- Gas-Produce  I 
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DESCRIPTION  OP  PLANT. 

«In  these  tests  a 60  H.P.  Otto  Gas  Producer  was  used. 

In  place  of  an  engine  for  producing  draft  a Schutte-Koertnig 
steam  ejector  was  installed.  Some  objection  might  be  raised 
to  this  method  of  procedure  as  it  is  claimed  that  the  engine 
produces  a fluctuating  suction  while  the  ejector  produces 
a constant  one.  Because  of  this  fact  it  may  be  claimed  that 
the  conditions  are  not  identical.  Thru  the  work  of  pr.  J.  K. 
Clement  upon  the  equilibrium  of  the  reaction  C + CCh  = 2C0 
under  different  conditions  of  temperature  and  velocity,  it  has 
been  shown  that  for  any  given  temperature  the  CO  present  is 
materially  reduced  at  great  velocities.  However,  at  the  low 
velocities  probably  existing  in  the  producer  the  amount  present 
is  practically  constant.  Prom  this  it  can  be  readily  seen 
that  small  variations  in  suction  as  produced  by  the  engine 
would  have  no  appreciable  effect  upon  the  composition  of  the 
gas  and  that  the  use  of  the  ejector  is  justified . By  the  use 
of  the  ejector  the  following  advantages  are  obtained:  (l)  A 

more  direct  control  over  conditions,  &ni  this  may  be  maintained 
uniform  thruout  the  test.  (2)  Liability  of  delays  on  start- 
ing and  necessity  of  shutting  down  during  the  test  are  reduced 
to  a minimum.  (3)  The  necessity  of  working  up  an  engine  test 
in  connection  with  the  producer  test  is  eliminated.  (4)  It 
isolates  the  producer  and  gives  better  opportunity  for  drawing 
correct  conclusions. 

The  general  arrangement  of  the  producer  and  auxiliaries 
is  shown  in  Pig.  (l).  The  apparatus  consists  in  the  main  of  a 


F/  <3-  2. 
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generator  (A)  , a coke  scrubber  (B)  , a steam  ejector  (P)  , a 
condenser  (G) , a separator  (N) , a dryer  (H) , and  a Westinghouse 
meter.  In  these  tests  only  one  meter  was  used. 

The  operation  of  the  producer,  simply  stated,  is  as 
follows:  The  gas  when  generated  passes  off  into  the  coke 

scru'b'ber,  where  "by  a means  of  a continual  spray  of  water  over 
the  coke,  the  gas  is  cooled  and  dust  and  tar  removed.  prom 
the  scru'b'ber  the  gas  is  drawn  thru  the  ejector  and  forced  thru 
the  condenser  and  separator.  The  steam  from  the  ejector  is 
condensed  in  the  condenser  and  part,  of  the  resulting  moisture 
in  the  gas  is  removed  in  the  separator.  Prom  the  separator 
the  gas  passes  on  thru  the  dryer  and  than  thru  the  meter  to 
waste.  Such  moisture  as  remains  in  the  gas  after  leaving  the 
separator  is  removed  by  means  of  straw  in  the  dryer. 

Water  is  introduced  into  the  producer  by  means  of  a 
vaporizer  with  a feed  pipe  leading  to  the  ashpit.  The  details 
of  this  construction  are  shown  clearly  in  cross  section  Plate  (2). 
Water  is  fed  to  the  vaporizer  from  an  overhead  tank  and  over- 
flows into  a tank  on  the  lower  floor.  Both  tanks  we re  on 
scales  so  that  total  water  vaporized  could  readily  be  determined 
by  their  difference  in  weight.  A small  valve  located  between 
the  tank  overhead  and  the  vaporizer  was  used  for  regulating 
the  vaporizer  water. 

The  temperature  of  the  leaving  gases  was  obtained  by 
means  of  a Platinum-Rhodium  thermo  couple  inserted  into  a 
thermometer  cup  extending  into  the  gas  chamber  of  the  producer. 

The  galvanometer  used  in  connection  with  the  thermo  couple  was 
a Siemens -Halsky  mille-volt - meter  calibrated  in  both  degrees 
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C and  milli- volts.  All  other  temperatures  were  taken  hy  means 
of  mercury  thermometers.  All  pressures  being  low, were  taken 
by  means  of  manometers.  These  manometers  were  placed  together 
on  one  board  where  they  could  be  easily  and  quickly  read.  They 
were  connected  by  means  of  rubber  hoses  to  the  ash  pit,  the 
orifice,  the  meter,  and  the  producer  outlet.  This  made  it 
possible  to  control  the  conditions  of  the  teat  with  the  least 
trouble.  A meter  placed  on  the  water  feed  pipe  to  the  coke 
scrubber,  gave  correct  readings  of  the  amount  of  water  used  for 
scrubbing  purposes. 

The  B.tf.u.  content  per  cubic  foot  of  gas  was  determined 
every  twenty  minutes  thruout  the  test  by  means  of  a Junker's 
Calorimeter.  This  served  as  a check  upon  the  analysis  by  the 
Hempel  apparatus, and  also  gave  continual  evidence  of  the  condi- 
tion of  the  gas  being  produced.  The  gas  used  in  this  calorimeter 
was  taken  from  the  same  source  from  which  the  gas  was  drawn  by 
the  aspirator  bottle.  Connections  were  made  by  means  of  a rubber 
hose.  The  source  from  which  the  gas  was  drawn  for  these  purposes 
was  at  a point  midway  between  the  dryer  and  the  meter.  The  gas 
sampler  consisted  of  four  perforated  tubes  extending  into  the 
gas  main.  These  were  all  brought  to  a common  chamber  to  which 
the  connections  were  made  to  the  Junker's  Calorimeter  and  aspira- 
tor bottles.  Gas  samples  were  taken  by  means  of  aspirator 
bottles.  One  bottle  was  filled  with  mercury  and  allowed  to 
empty  into  another  bottle  thru  a small  orifice  which  permitted 
a sample  to  be  taken  over  a period  of  approximately  two  hours. 

This  gave  opportunity  of  securing  about  six  samples  per  test, 
and  also  of  knowing  the  exact  composition  of  the  gas  at  any  time 
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during  the  test . 

The  analysis  of  the  gas  was  made  by  means  of  a Hampel 
apparatus.  This  apparatus  consists  of  a long  measuring  burette 
with  a leveling  tube,  and  a number  of  pipettes  containing  re- 
agents into  which  the  gas  is  forced.  The  absorbing  agents  used 
were  KOH  solution  for  the  COg , potassium  pyrogallate  solution 
for  the  09,  ammoniacal  cuprous  chloride  for  CO.  The  CH^  and 

were  determined  by  exploding  a sample  in  an  explosion  pipette. 
The  amount  of  necessary  to  cause  an  explosion  was  obtained 
by  the  electrolytic  dissociation  of  water.  One  pipette  was 
arranged  with  both  electrodes  in  the  same  chamber,  and  produced 
oxy-hydrogen  ready  for  an  explosion  which  was  added  to  cause 
the  combustion.  As  this  was  already  in  the  proper  uniting  pro- 
portions, it  would  dissappear  upon  explosion  and  would  not 
effect  the  other  constituents  in  any  way  but  to  raise  the  tem- 
perature up  to  the  combustion  point.  It  was  therefore  not 
necessary  to  measure  the  amount  added.  The  oxygen  added  to 
unite  with  CH^  and  was  obtained  in  the  same  manner  as  the  oxy- 
hydrogen,  except  the  collecting  chamber  contained  the  positive 
electrode  alone.  By  use  of  this  arrangement  it  was  found  that 

the  determinations  of  CH.  and  H could  be  made  to  check  within 

4 2 

less  than  one  percent. 
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METHOD  OP  CONDUCTING  TESTS. 

After  cleaning  the  producer  of  all  clinkers  and  ashes 
which  might  have  remained  from  previous  tests  and  examining  the 
scrubber  to  see  that  it  was  in  good  working  order,  the  fire  in 
the  producer  was  started.  Por  this  purpose  kindling  and  in- 
flamable  material  was  placed  in  the  fuel  bed  and  the  magazine 
was  filled  with  several  large  buckets  of  coal.  Immediately  after 
lighting  the  fire  the  ejector  was  set  in  operation.  A rather 
heavy  draft  was  maintained  until  the  temperature  of  the  fuel 
bed  had  been  raised  to  the  proper  point.  A sample  calculation 
of  the  heat  value  of  the  gas  was  then  made  by  the  Junker's  Calorim- 
eter. When  this  was  found  satisfactory,  the  fire  was  cleaned 
from  below  and  the  magazine  was  filled  to  the  top  with  coal.  A 
sample  of  this  coal  was  taken  at  intervals  during  the  time  of 
filling  and  also  at  those  times  during  the  rest  of  the  test 
when  the  producer  was  fired. 

After  these  preliminary  operations,  the  ejector  was 
regulated  to  produce  the  proper  flow  of  gas  in  cubic  feet  thru 
the  meter.  This  draft  was  then  carefully  watched  and  kept  as 
constant  as  possible  consistent  with  a uniform  load.  The  test 
was  thus  started  under  constant  conditions  and  continued  for 
twelve  hours. 

Upon  the  signal  to  start  readings  were  taken  of  the 
following  pressures;  at  meter,  in  the  ash  pit,  at  the  producer 
outlet  and  at  the  orifice;  temperatures;  at  meter,  of  gas  leav- 
ing producer  and  the  scrubber,  of  the  fire  room,  of  water  enter- 
ing and  leaving  the  scrubber  and  vaporizer;  initial  readings 
were  also  taken  of  the  gas  and  water  meters  as  well  as  of  the 
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tanks  on  scales.  Readings  were  taken  every  fifteen  minutes. 

The  Junker's  Calorimeter  gave  hy  calculations,  the  heating 
value  of  the  gas  about  every  twenty  minutes,  it  requiring  about 
fifteen  minutes  to  fill  the  eight  liter  jar  used  in  connection 
with  this  apparatus,  with  water.  The  gas  samples,  taken  by 
means  of  aspirator  bottles  were  timed  so  that  a sample  of  gas 
could  be  obtained  about  every  two  hours.  These  samples  of  gas 
were  sent  to  the  chemist  for  analysis. 

If  at  any  time  during  the  test  the  heating  value  of  the 
gas  was  found  to  decrease  and  the  temperature  in  the  fuel  hed 
became  low,  the  fire  was  cleaned,  that  is, the  producer  was  poked 
from  above  and  sliced  from  below.  This  always  had  to  be  done 
with  great  care  owing  to  the  liability  of  the  gas  becoming  in- 
combustible. At  such  times  as  the  fuel  in  the  magazine  fell  below 
a normal  amount  more  fuel  was  added  thru  the  opening  in  the  top 
of  the  producer.  This  fuel  was  always  carefully  weighed  and  sam- 
ples kept  out.  All  ash  removed  during  fire  cleaning  was  placed 
in  a can  and  saved  to  he  weighed  and  sampled  at  the  close  of  the 
test . 

In  closing  the  test  conditions  were  brought  as  near 
those  of  starting  as  possible.  The  fire  was  cleaned  and  ash  re- 
moved from  the  ash  pit  and  placed  in  the  ash  can.  The  magazine 
was  then  filled  and  careful  account  of  coal  thus  used  was  taken. 
The  ash  and  refuse  was  weighed.  Both  ash  and  coal  were  crushed 
and  samples  of  each  bottled  and  sent  to  the  chemist. 
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CONCLUSIONS. 

Prom  the  results  obtained  by  the  calculations  of  the 
fire  tests  described  in  this  report,  the  following  conclusions 
may  be  drawn: - 

(1)  A glance  at  the  Load-Efficiency  curves  will  show 
that  on  a basis  of  100  present  grate  efficiency,  the  efficiency 
of  the  producer  reaches  a maximum  at  a load  of  about  2300  cubic 
feet  of  gas  per  hour,  after  which  it  falls  off  slightly.  This 

falling  off  is  perhaps  largely  due  to  the  method  of  poking  and 

\ 

slicing,  as  on  the  heavy  loads  more  poking  and  slicing  must  be 
done  than  in  the  case  of  a lighter  load.  If,  therefore,  these' 
operations  could  be  performed  more  efficiently  the  efficiency  of 
the  producer  would  no  doubt  continue  at  a higher  value  to  a 
greater  load  than  is  shown  by  the  curve. 

(2)  The  Dry  Coal-Efficiency  curve  shows  practically 
the  same  conditions  as  does  the  Load-Efficiency  curve.  Here  it 
can  be  seen  that  for  a certain  amount  of  coal  fired  per  sq.  ft. 
of  grate  area,  the  efficiency  is  at  a maximum,  and  as  this  amount 
increases  the  efficiency  falls  off.  This  corresponds  to  the  in- 
creasing of  the  load,  in  which  case  the  efficiency  also  fell  off. 

The  amount  of  dry  coal  per  sq.  ft.  of  grate  area,  at  which  the 
maximum  efficiency  occurred,  as  shown  from  the  curve  is  about 
twenty-two  (22)  lbs. 

(3)  The  variation  of  CO^  with  the  efficiency  is  also 
clearly  shown  in  the  CO2  Efficiency  curve.  Erom  this  curve  it 
appears  that  the  C09  generated  stays  practically  constant  and  is 
not  affected  by  the  efficiency  of  the  producer.  In  the  case  of 
the  Carbon  Ratio,  we  find  the  same  conditions  hold  true,  as  those 
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for  C02.  Prom  the  Carbon  Ratio-Efficiency  curve  we  seo  that  the 
carbon  ratio  remains  practically  constant  and  it  would  seem  that 
it  was  Entirely  independent  of  the  variation  of  efficiency. 

(4)  The  Dry  Coal-Load  curve  gives  in  a measure  some 
idea  of  the  accuracy  of  the  work  as  performed  in  these  tests.  The 
curve  should  from  its  nature  be  a hyperbola  and  it  can  be  seen 
that  it  approaches  very  closely  this  form.  The  two  graphical 
log  sheets  which  also  accompany  this  report,  show  clearly  the  con- 
diti  ons  existing  during  the  time  of  running  the  tests. 

In  order  to  obtain  the  best  results  in  these  tests  it 
was  found  necessary  to  first  poke  the  producer  from  above  and  then 
slice  it  from  below.  in  this  manner  the  gas  could  be  kept  burn- 
ing at  the  Junker’s  Calorimeter  and  thus  the  loss  of  calculations 
of  the  heating  value  of  the  gas  could  be  avoided.  The  reason  for 
this  is  that  when  the  fire  is  cleaned  from  below  first,  the  coal 
remains  arched  in  the  magazine,  thus  creating  a hollow  space, 
which  fills  with  air,  when  the  poking  from  above  is  being  done. 
Poking  from  abwe  first  removes  this  condition  and  loosens  the  coal 
in  the  magazine,  so  when  the  slicing  is  done  from  below  the  coal 
finds  little  difficulty  in  falling  into  place  and  thus  continue 
the  gasification.  It  is  no  doubt  true  that  a bell  hopper  at  the 
top  of  the  magazine  would  materially  increase  the  efficiency  of 
the  producer, for  there  would  be  less  opportunitjr  for  an  over- 
supply of  air  to  enter  and  cause  the  consequent  cooling  effect  to 
take  place. 

It  seems  evident  that  in  order  to  insure  commercial  suc- 
cess for  this  type  of  producer  a more  efficient  means  of  poking 
and  firing  is  needed  than  the  method  now  used. 
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